Functional maturation of the primate fetal adrenal in vivo: I. Role of insulin-like growth factors (IGFs), IGF-I receptor, and IGF binding proteins in growth regulation.
The rapid growth of the primate fetal adrenal from midgestation until term is regulated by ACTH secreted by the fetal pituitary. Previous studies suggest that the trophic actions of ACTH are mediated by insulin-like growth factor II (IGF-II) synthesized by fetal adrenal cortical cells. To characterize further the role of IGF-II in the regulation of fetal adrenal growth, we investigated the expression of the messenger RNAs (mRNAs) encoding IGF-I, IGF-II, IGF-I receptor (IGF-IR) and IGF binding protein (IGFBP) 1-6 in the fetal rhesus monkey adrenal in vivo from 109 days of gestation until term (165 +/- 5 days) using in situ hybridization. To assess the role of ACTH in the regulation of expression of the IGF system in vivo, we administered metyrapone (3-7 days) to late gestation fetal rhesus monkeys (n = 4) in utero to increase fetal pituitary ACTH secretion. IGF-II mRNA was abundant in the definitive, transitional and fetal zones of the adrenal cortex from 109 days until term. IGF-IR mRNA was expressed in the definitive, transitional and fetal zones and decreased to nondetectable levels at term. IGFBP-2 and IGFBP-6 mRNAs were expressed in the definitive, transitional, and fetal zones, whereas IGFBP-1, -3, -4, and -5 were not detected in adrenal cells. The effects of increasing ACTH secretion on the growth of the specific zones of the adrenal were determined using morphometric techniques. Metyrapone treatment approximately doubled adrenal weight, which was due to an increase in the area of the definitive, transitional, and fetal zones with decreased cell density of the definitive, transitional, and fetal zones compared with controls and not due to a change in total cell number. Therefore, the increase in adrenal weight after metyrapone treatment was due to hypertrophy of the three cortical zones; there was no effect on adrenal medullary growth. The relative abundance of the mRNAs encoding IGF-II and the IGF-IR was increased after metyrapone treatment, whereas the localization and relative abundance of IGFBP 1-6 mRNAs were not altered by metyrapone treatment. We conclude that the ontogenetic increase in adrenal growth may be regulated, at least in part, by locally synthesized IGF-II, and the cessation of adrenal growth that occurs at term may be mediated by the decrease in the IGF-IR. The adrenal cortical expression of IGFBP-2 and IGFBP-6 suggests that these IGFBPs may modulate the IGF-IGF-IR interaction. Metyrapone treatment, which likely increased fetal pituitary ACTH secretion, causes a coordinated increase in expression of IGF-II and IGF-IR in fetal adrenal cortical cells, which may be an important mechanism of regulation of fetal adrenal cortical growth.